Abstract Abstract Abstract Abstract AIM: Human heparanase is an endo-D-glucuronidase that degrades heparan sulfate/heparin and has been implicated in a variety of biological processes. The objective was to investigate the expression of heparanase (Hps) and basic fibroblast growth factor (bFGF) and their relationship to neoangiogenesis and metastasis of human esophageal carcinoma.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
For a malignant tumor cell to metastasize, it must break away from its neighbors, force its way through the surrounding stroma, and penetrate basement membranes to enter the circulation. When it arrives at its destination, these steps must be repeated in reverse order. A critical event in the process of cancer invasion and metastasis is therefore degradation of various constituents of the extra cellular matrix (ECM) including collagen, lamina, fibronectin, and heparin sulfate proteoglycans. The cell is able to accomplish this task through the concerted action of enzymes such as metalloproteinase, serine proteases, and endoglycosidases. Two essential processes required for meta-stasis are neoangiogenesis and tumor cell invasion of the basement membrane and ECM [1] H-S is an essential component of the extra cellular matrices of most tissues and is also a prominent component of blood vessels, which is essential for insolubility of the extra cellular components, cell adhesion, and locomotion [2] [3] [4] [5] [6] [7] [8] [9] [10] . Accordingly, cleavage of H-S by heparanase enzyme may play a decisive role in extravasations and invasion of tumor cells. So far, heparanase activity has been detected in various tumors and was found to correlate with their metastasis potentials [2, [11] [12] [13] [14] [15] . Meanwhile, heparanase may also contribute to angiogenesis by releasing the H-S-bound growth factors such as basic fibroblast growth factor (bFGF) [6] . However, because the characterization and cloning of the enzyme has remained elusive until the recent reports of Hullet et al. [2] , and Vlodavsky et al. [6] , studies aiming at detection and evaluation of heparanase production and its in vivo biological role in patients with different malignancies have been hindered. Moreover, many study groups have evaluated the role of different growth factors aiming at elucidation of the biological predictor of angiogenesis in tumor.
bFGF is a potent antigenic growth factor that requires heparin or H-S for its biological activity mediated through tyrosine kinase signaling [16] [17] [18] [19] [20] . The activity of bFGF is stringently controlled because it can be inactive in normal tissues and becomes activated upon tissue injury, inflammation, and tumor invasion [21] . Heparanase enzyme possesses the ability to activate bFGF through structural modulation of the cell surface H-S proteoglycan [22] . Accordingly, heparanase and bFGF could play complementary biological roles in tumor angiogenesis and invasion. To our knowledge, expression of heparanase and its biological role in connection with bFGF expression in human esophageal carcinoma have not been evaluated so far. In the present study, we tried to find out whether bFGF and heparanase were both directly correlated to angiogenesis in human esophageal carcinoma, whether heparanase expression was associated with the degree of tumor invasiveness or not, and whether the coexpression of heparanase and bFGF enhanced tumor angiogenesis compared with expression of either factor alone.
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Seventy-nine patients undergoing esophageal carcinoma resection between 1996 and 2002 were included in the present study. None of the patients had received preoperative chemo-or embolic therapy.
The patients' ages ranged from 40 to 73 years. Tumors were staged at the time of surgery by the standard criteria for TNM staging using the Unified International esophageal carcinoma staging classification and the following morphological details were recorded: depth of invasion (pT category), lymph node involvement (pN category).
Tissue specimens
Esophageal carcinoma tissues from all of the patients were taken from the areas of tumor immediately after surgical resection. Nineteen surrounding esophageal carcinoma tissues were included. Surrounding esophageal carcinoma tissue specimens were obtained from tissues at a clear distance from the tumor edge (>5 cm), there was no evidence of nearby tumor invasion.
Antibodies and other chemicals
The following reagents were purchased from Maxim Biotech (Macim Biotech Inc., South San Francisco, CA, USA); heparan sulfate proteoglycan (RT-794), fibroblast growth factor, basic (b-FGF) (RAB-0305), CD34 (MAB-0034).
Immunohistochemistry
Immunohistochemistry was performed as described before with minor modifications [19] . Briefly, 5-µm sections were deparaffinized and rehydrated. Tissue was then denatured for 3 min in a microwave oven in citrate buffer (0.01 mol/L, pH 6.0). Blocking steps included successive incubations in 0.2% glycine, 3% H 2 O 2 in methanol, and 5% goat serum. The first two steps were followed by two washes in phosphate-buffered saline (PBS). Sections were incubated with a monoc-lonal anti-human heparanase antibody diluted 1:15 in PBS, followed by incubation with horseradish peroxidase-conjugated goat-anti-mouse IgG+IgM antibodies. The preparation and specificity of this mAb have been previously described and demonstrated [19] Color was developed using either Sigma Fast 3,3-diaminobenzidine tablet sets for 10 min followed by counterstain with Mayer's hematoxylin.
Statistics
The correlation between the expression of heparanase or bFGF and micro vessel density (MVD) and clinicopathological features was analyzed. For statistical significance, the χ 2 test was used. Postoperative survival periods were computed by the method of Kaplan-Meier and compared by using the log-rank test. P<0.05 was taken as the level of significance for all tests. All statistical analyses were performed using the SPSS 10.0 statistical package (USA). Table 1 Fifty-two (65.8%) esophageal carcinoma were heparanase-positive ( Figure 1A and B) and 27 (34.2%) tumors had no detectable level of heparanase. Expression of heparanase was significantly higher in tumors than in normal esophageal tissue (P = 0.01). Heparanase expression was also associated with depth of invasion, clinical stages and lymph-node metastasis. All were significantly higher in heparanase-positive tumors compared with heparanasenegative tumors (P<0.05). However, there was no significant correlation between heparanase expression and tumor cell differentiation, age and gender (P>0.05).
Expression of bFGF and clinicopathological features of esophageal carcinoma
The bFGF-positive rate was significantly higher in esophageal carcinoma compared with that in the surrounding normal tissues (P<0.01), so was heparanase expression. There was a significant correlation between bFGF expression and depth of invasion, clinical stages and lymph-node metastasis (P<0.05 Table2).
Expression of bFGF and heparanase in tumor was significantly positively correlated with MVD expression ( Figure 1C and D) (P<0.001; Table 3 ). A simple regression model was used to evaluate the correlation between MVD and bFGF and heparanase. There was a direct linear relationship between the positive expression of bFGF and heparanase and the MVD in each individual tumor (P<0.001).This indicates that bFGF and heparanase are directly correlated with angiogenesis in esophageal carcinoma. Table 3 shows that coexpression of both heparanase and bFGF was significantly correlated with MVD (P<0.001).
Based on the level of heparanase-positivity, we divided heparanase-positivity into three groups (high; moderate; low). Postoperative survival periods were computed by the method of Kaplan-Meier and compared by using the log-rank test. (Table 4 Table 5 , P<0.001).
Analysis of prognosis was computed by the method of Cox proportional hazard model. It suggested that positive expression of heparanase and bFGF, lymph node and distant metastasis and MVD were hazardous factors of postoperative survival periods. [22] . A major function of the proteoglycans is attributed to the properties of H-S [23] , which is essential for insolubility of the extracellular components, cell adhesion, and locomotion [6] [7] [8] [9] [10] . H-S also works as a storage depot for active growth factors, of which bFGF is the most extensively studied [24] . Thus, acquisition of heparanase and splitting of H-S by a given tumor would offer such a tumor two essential features of malignancy: volatilization of the other extracellular matrix constituents, facilitating tumor invasion through blood vessels and tissues; and releasing and activation of H-Sbinding growth factors and, hence, enhancing the tumor angiogenesis.
In our results, there was a direct correlation between heparanase expression and angiogenesis in esophageal carcinoma. Tumors with positive heparanase expression had a significantly higher MVD compared with heparanasenegative tumors. Accordingly, we can conclude that heparanase expression has an axial role not only in the tumor growth and invasion but also in the angiogenesis of esophageal carcinoma.
In the present study, the expression of bFGF was significantly higher in esophageal carcinoma compared with that in the surrounding and normal esophageal tissue, indicating that its up-regulation was involved in the tumor biology. Moreover, bFGF was directly correlated with MVD of esophageal carcinoma. bFGF induces neovascularization through various mechanisms including a potent mitogenic effect on the vascular and capillary endothelial cells [19, 22] , stimulation of endothelial migration and capillary formation, and production of plasminogen activators, proteases that are involved in the invasive property of endothelial cells during angiogenesis [25] .
Moreover, heparanase expression was directly correlated with tumor size. Generally, the tumor size reflects tumor growth that is the outcome of many integrated factors, including the availability of enough nutritional support through abundant blood supply (angiogenesis) and of proliferation stimuli from active growth factors. Heparanase may influence the bioavailability of different growth factors including FGFs [26] [27] [28] [29] , vascular endothelial growth factor [30] , hepatocyte growth factor [31] , and PDGF [32] , which are stored in H-S and possess H-S-binding sequences. It is quite reasonable to assume that the release of such growth factors may influence tumor growth and angiogenesis.
In the current study, there was an obvious synergetic effect of heparanase and bFGF expression in tumor. Coexpression of both factors was associated with higher MVD compared with expression of either factors alone. Such synergetic action may be attributed to the direct ability of heparanase to solubilize the components of ECM, which enhances endothelial cell migration during neovascularization. On the other hand, heparanase increases the biological activity of bFGF as well as of other H-S-bound growth factors like VEGF, PDGF, and HGF [33] [34] [35] [36] [37] , which are expected to further enhance the angiogenic effect.
In conclusion, expression levels of heparanase correlate negatively with patient survival, suggesting a role of basement membrane and ECM-degrading enzymes in tumor microenvironment alterations that facilitate esophageal carcinoma cell growth, invasion, and metastasis formation. Therefore, the development of drugs acting as inhibitors or blocking agents of hps action may add a new therapeutic modality in the future treatment of pancreatic cancer. 
